T HERE IS EVIDENCE that formation of an osmotically concentrated urine depends upon active transport of sodium, chloride, or both from the ascending limb of Henle's loop4 (8, 24) . In addition, since maximally concentrated urines cannot be formed when urea excretion is low, it has been proposed that urea contributes to urine concentration by becoming "trapped" within the medulla as a consequence of the countercurrent arrangement of the Henle's and the vascular loops (I 4, I 5). If sodium and urea have an essential role in the urine concentrating mechanism, it is predictable that variations in the rates of delivery of these substances to the medulla during osmotic diuresis in the presence of vasopressin will be associated with changes in the reabsorption of osmotically free water (T,"), Augmentation of water reabsorption during osmotic diuresis by the administration of urea has been demonstrated in man (2 I), rat (I I), and dog (IO). The present The infusion required 40-60 min and resulted in a net positive water balance of 800-1, 000 ml, a rise in plasma sodium concentration of I 60-175 mM/ liter, and a GFR increase of 30-70 % above control revels. Osmolar clearances (C,,,) achieved were in the range of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ml/min. This state of solute and water balance was maintained for 4-8 hr during which 8-16 3o-min clearance periods were obtained. During this time sodium plus its attendant anions accounted for 74-86 % of the excreted solute, and this phase of the experiments is referred to as a 9odium diuresis." At the conclusion of the sodium diuresis phase, urine reinfusion was temporarily stopped and a solution containing 6 g urea and 5 g glucose/xoo ml was substituted.
150 to 350 mM of urea were thus administered, the rate of infusion being adjusted to maintain a urine flow (V) approximately the same as that during the preceding sodium diuresis.
The urine collected during the urea infusion, as well as that from the last preceding sodium diuresis period, was discarded save for aliquots taken for analysis. The result of these maneuvers was the partial l replacement by urea of the urinary sodium salts whose contribution to urine osmolarity fell by an average of 18 %. Urine reinfusion was then resumed and four to six more clearance periods of a "sodium-urea diuresis" were obtained.
In eight experiments the protocol was essentially the reverse of the above. The animals were infused over a 40-to 6o-min period with 500--1,500 mM of urea given as a solution consisting of 18 g urea and 7.5 glucose/I oo ml. Urine reinfusion was then begun 
In each experiment
TWc fell gradually during the first z or 3 hr of the sodium diuresis. The magnitude of this fall varied from 0.7 to 2.8 ml/min and averaged I .5 ml/min.
The subsequent course of T," was more variable, In four of the experiments it rose significantly from its nadir to reach a value which remained essentially constant throughout the last I to 3 hr of the sodium diuresis.
In four other experiments T," rose steadily with no indication of attaining a constant value, while in three experiments it did not rise significantly after its initial fall. These progressive changes in T," showed no apparent correlation with variations in COSm or in GFR which occurred during the course of the experiments.
In two of the sodium diureses (both in dog 1) the urine became temporarily hypoosmotic to the plasma. The time course of T," was similar to that seen in the above described experiments except that the initial descent was very steep and reached negative values. In both instances the fall in TWc was accompanied by significant declines in GFR and C,,,, . Hypertonic urines recurred spontaneously without any adjustments being made in the rate of vasopressin administration or in the animal's fluid or electrolyte balance. The course in one of these experiments is shown in Fig. I . Augmentation of Twc by urea. As seen in Table  I and ml/min greater. The effect of urea is also shown in Fig. 2 , where C,,, is plotted against urine flow. In such a ,graph the horizontal distance of a point to the left of the isosmotic line represents the corresponding T,". It is seen that the values obtained during sodium-urea diuresis lie to the left of the distribution of the final values of the preceding sodium diuresis.
Variations in Twc during urea diuresis. Decreases in T," resembling those seen during sodium diuresis were noted in two of the urea diuresis experiments.
In both of these, however, the animals had developed severe vomiting and diarrhea during the course of the initial urea infusion, and GFR fell markedly.
In the remaining six experiments minor changes in T," occurred in the first two or three periods; decreases were seen in two of
Exp IV-3 m Urea 500 mM GFR is generally increased during the urea-sodium diuresis as compared with the preceding urea diuresis. When T," is plotted against GFR during urea-sodium diuresis, the points obtained are reasonably well fitted by an extension of the regression line drawn for the preceding urea diuresis (Fig. 4) . The correlation coefficient (r) of this relationship averages 0.85 within the urea diuresis data separately and 0.95 within the over-all group of urea and urea-sodium diuresis periods (Table 2) . Since the regression of T," on GFR extrapolates to close to the origin it is easily demonstrated that factoring T," by GFR causes the difference between T," as measured during the urea phase and again during the urea-sodium phases to vanish. Such factoring also greatly diminishes the degree of scatter in the measurements of T," within each phase of the diuresis. these, but they were small (0.2 and 0.6 ml/min) and were present in only one clearance period. Aside from these initial variations, the over-all tendency was for T," along with GFR aGd C,,, to rise during the course of urea diuresis. The changes in these parameters are summarized in Table 2 , and their time courses in two of the experiments are shown in Fig. 3 . When T," is plotted against GFR (or against the closely related parameter, C,,,) a positive linear correlation is apparent. This relationship is illustrated for two representative experiments in Fig. 4 , while in Table 2 the coefficients of correlation of T," with GFR during the urea diuresis phase of each experiment are listed."
Augmentation of Twc by sod~~rn. Further increase in T," averaging J .z ml/min occurred following the substitution of sodium salts for some of the urea of the urea diuresis. These changes are summarized in Table 2 and are illustrated in Fig. 5 where it is seen that the points representing the mean value of C osm and V during each ureasodium diuresis phase lie to the left of the line drawn for the preceding urea diuresis. However, it is also seen that 6 The calculation of this coefficient of correlation is not, strictly speaking, a valid statistical procedure since Two = (C,,, -V) is not formally independent of C osm or of quantities as closely related to it as V or GFR. However, the fact that Twc does not vary with changes in C 08m at high values of the latxer during mannitol diuresis experiments suggests that they are functionally independent during osmotic diuresis with high urine flow.
DISCUSSION
It is now generally accepted that the formation of a concentrated urine results from the diffusion of water from an initially isosmolar collecting duct fluid into a hypertonic medullar (8, 24) . The rate at which this process takes place (T,") must be directly related to the rate of fluid delivery to the collecting duct and to the degree of medullary hypertonicity. The finding in the rat that the fluid in the early distal tubule is dilute while the fluid plasma inulin concentration ratio is greater than that near the end of the proximal tubule indicates that the transport of solute, presumably salts of sodium, from the ascending limb is indeed the basic process of the countercurrent multiplier system, though it now seems unlikely that this solute is transported directly to the descending limb (8, I 3).
during a progressive mannitol diuresis. During this procedure in man (30) and dog (6, I 8) T," remains constant with further increases in C osm above 8-10 ml/min until very high osmolar clearances are reached, at which point T," may actually fall (7) . Since increase either in GFR or in nonreabsorbable solute load leads to an increase both in sodium delivery to the loops and in isosmotic fluid flow to the collecting duct, it is surprising that a limiting T," is seen in one case and not in the other. The difference between the effects of the two procedures may lie in the sodium concentration of the fluid delivered to the loops.
If sodium transport from the ascending limb is central to the maintenance of a hypertonic medulla and hence to the reabsorption of osmotically free water, it is probable that the rate of sodium delivery to the loops will, under certain conditions, determine the magnitude of T,". The observed correlation between GFR and T," during urea and urea-saline diuresis is in accord with this prediction.
It is to be noted that T," continues to rise with rising C osm even at very high values of the latter in these experiments (Table  z and Fig. 5 ). Such an increase in T," at high osmolar clearances is not observed While the mechanism of sodium transport from the ascending limb of Henle's loop is unknown, it is reasonable to assume that its rate will be some function of the sodium concentration within the limb. The process may, for example, be analogous to that in the toad bladder (5) where carrier-mediated diffusion of sodium into the epithelial cells appears to be the initial (and rate-limiting) step, a fall in sodium concentration to a level below that needed to saturate the carrier being associated with a decline in transport rate. In all likelihood the sodium concentration in the fluid traversing the ascending limb falls as the corticomedullary junction is approached. If the rate of transport thus becomes concentration-limited at some level, an increase in rate of fluid delivery to the loops could be associated with an increase in sodium transport and T,". The effect of such an increase in flow would, however, be nullified if at the same time the sodium concentration of this fluid were to fall. This, as we have seen, is the situation during a progressive solute diuresis.
These considerations of sodium transport in the loop of Henle explain the failure of T," to continue to rise with an increase in osmolar clearance during a progressive mannitol diuresis, and lend reason to the observed correlation between GFR and T," in the present experiments and to the similar correlation noted by Aukland in dogs undergoing mannitol diuresis (2) (6, g, 22) . In both of these conditionssubmaximal vasopressin administration and electrolyte disturbance-free water clearance is a positive, reason-T," is higher during saline than during mannitol diuresis (20).
Goldsmith et al. (7) have recently reported that dogs rendered hyponatremic by the chronic administration of vasopressin and water have a normal T," despite a reduction in filtered sodium load. Since the concentration of sodium in the fluid delivered to the loops must be low under these conditions, a decrea se in T," is predicted by the above hypothesis.
It should be noted that the ably monotonic function of osmolar clearance, with rate of vasopressin administration as a parameter. The third condition is, like the second, independent of the quantity of vasopressin administered.
Unlike the first two conditions, however, it is not a clear function of osmolar clearance, but is time dependent.
This has been described previously and elsewhere during isotonic saline (28), urea (I, 2 7)) and urea plus hypertonic saline (I) diuresis. Characteristically, T," decreases to a minimal value, which may be negative, by about the 3rd hr after initiation of the diuresis. T," then rises again, usually attaining a relatively stable value by about the 8th hr. The late rise in T," occurs whether osmolar clearance increases, is unchanged, or decreases. The present experiments plasma osmolality, and hence the solute concentration of the fluid delivered to the co11 ecting duct, was considerably less tha n normal in these an .imals. Thus for any given rate of solute transport in the medulla more water -could be reabsorbed from the collecting duct than under normonatremic conditions. Described in another way, water reabsorption could be maintained in the face of a decline in medullary sodium transport if plasma osmol .ality also fal .ls. This simple qualitative argument c annot be entirely coilvincing since other parameters, notably the rate of fluid flow into the collecting duct, may change during hyponatremia in such a way as to lower T& Nevertheless, the lack of an effect of hyponatremia on T," cannot be cited as clear-cut evidence against the proposed mechanism of sodium transport.
extend these observations but afford no clue as to the mechanism involved. They indicate, however, that the phenomenon is more clearly revealed in saline than in urea diuresis, a conclusion which could not be obtained from the earlier studies in which urea and saline diuresis were not directly compared.
We have been unable to deduce a reasonable explanation for the phenomenon from current theories of intramedullary sodium or urea transport.
Possibl y the solution lies elsewhere, such as in phasic responses of the renal med .ullary circ ulation to
The progressive changes observed in T," during the course of sodium diuresis are not readily interpreted. Decrease in T," during osmotic diuresis, point of development of hypoosmotic sometimes to the urine, occurs in -at least three conditions. First, if exogenous or endogenous blood vasopressin is just, or little more than, sufficient to effect a concentrated urine in the control state, initiation of osmotic diuresis may be attended by the the experimental conditions.
